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Do not return copies of this report unless contractual obligations or notices on a specific document require that it be returned. designed^ and used to address these issues.''-3,4 However, weakly ionized systems are also of interest and are readily studied using the VT-SIFDT.
Understanding high temperature ion-molecule chemistry also facilitates the design of airbreathing hypersonic vehicle combustors where the ion chemistry may enhance hydrocarbon fuel combustion.^ Unfortunately, ion chemistry may also contribute to soot formation in hydrocarbon combustion.®* ^ Nevertheless, the first step in establishing this technology is modeling the chemistry occurring. However, only neutral molecule chemistry has been included in recent models of soot generation.® Accurate models of these processes thus require high temperature data for ionmolecule reactions with many different hydrocarbons, including alkyibenzenes which comprise about 25% by volume of standard jet fuels. The previously mentioned HTFA apparatus has subsequently been employed to address these problems. Recent modifications to the HTFA have expanded its capabilities, allowing measurements of 1 I ion-molecule branching ratios at temperatures over 700 K.-*'''* The VT-SIFDT and the HTFA combined permit branching ratios and rate constants to be measured from 85 to 1800 K at pressures from up to 2 torr and kinetic energies up to 1 eV.
The VT-SIFDT operates in the following manner.''2 ions are generated in a high pressure source region using electron impact on a source gas. The desired reactant ion is mass selected by a quadrupole mass spectrometer and injected into the flow tube.
The ions are entrained in a fast flow of helium buffer gas and thermally equilibrate to the flow tube temperature, which is controlled by a combination of heating elements and cooling lines. After thermal equilibration, the neutral reactant is introduced. The residual reactant ions and all product ions are sampled with an orifice and are mass selected by another quadrupole mass spectrometer then detected. For a given temperature, the rate constants are obtained using the decline of the reactant ion signal over a previously measured reaction time as a function of excess neutral reagent concentration where the average center-of-mass kinetic energy is given by:
In Eq. 1, mu mu and mn are the reactant ion, buffer gas and reactant neutral masses, respectively. The drift tube consists of a series of concentric rings to which a voltage is applied to accelerate the reactant ions to a kinetic energy above the thermal value described by the second term in Eq. 1. The first term above gives the drift tube contribution to the total kinetic energy. Operating the drift tube with no voltage applied allows the instrument to be run as a VT-SIFT. Pseudo-first order kinetics hold under all of these conditions and the rate constants are easily calculated. The branching ratios are measured in two steps to minimize mass discrimination in the mass spectrometer and to allow accurate determination of the individual reaction channels that can differ by only one mass unit. Relative errors in the rate constants are ±15% and the absolute errors are ±25%, while the relative errors in the branching ratios are ±25%.'^2
Rate constants and branching ratios are measured in the HTFA in a similar manner,2 with a few exceptions. The HTFA has no source selection. Consequently, branching ratios can be measured only for ions that can be generated with large flows of source gas because the ions arise from interaction with high-energy helium species 2 formed in the source region. These large flows guarantee that all unwanted reactive species are consumed before the neutral reagent gas is introduced. Corrections must also be made to the branching ratios for reactive species formed in the flow tube of the HTFA (e.g., N/ when making N2'^ ions). The uncertainties in the HTFA data^. 9 are similar to those in the VT-SIFDT.
The rate constants and branching ratios for the reaction of H30'^(H20)n clusters with aldehydes CH2O The current results are given in Tables 1 and 2 for CH3CHO and CI-I2O. The CH3CHO reactions proceed at the collision rate at both temperatures for n=0-4 with ligand switching predominating for n=1-4. The bare H30'^ ion reacts via proton transfer.
Higher order ligand-switching products from secondary reactions are also observed.
The CH2O reactions show similar products, but the rate constants are both size and temperature dependent. H30^ again reacts by proton transfer at the collision rate at ail temperatures in agreement with previous flowing afterglow studies.''^ The n=1 cluster undergoes ligand switching at around 75% of the collision rate at all temperatures. The n=2 cluster has a negative temperature dependence in the rate constant, probably because of the small association channel present at 150 K. The chemistry of the n=3 and higher clusters is more complex. The rates continue decreasing with increasing cluster size. As seen in Fig. 1 illustrates where the reaction efficiency given by the ratio of the observed rate constant to the collision rate constant is plotted as a function of temperature and cluster size, the largest cluster observed at each temperature shows an anomalous increase. The deviation occurs where the largest cluster is only marginally stable'lland may be thermally decomposing. However, this would affect the rate constant of the next smallest cluster which is unaffected by the presence of larger clusters in the flow tube. The presence of the association channel does not J account for these results because it is present for n=2 which has a more typical temperature dependence for a system involving an endothermic ligand switching reaction with an association channel at low temperature. The results for CH2O show that the rate constants for this reaction used by Yu et al.''^ are too large.l^
To investigate the statistical nature of Sn2 substitution reactions for weakly ionized plasmas, the reactions Cl* with CaHsBr and n-CsHrBr have been studied as a function of kinetic energy and temperature in the VT-SIFDT from 220-500 K. For Cl reacting with C2H5Br. the Sn2 reaction path to give Br dominates at all temperatures and kinetic energies. However, an association channel accounts for 5% of the products at 298 K independent of kinetic energy and disappears at 500 K, but it makes a larger contribution at 220 K showing a negative kinetic energy dependence. The rate constants also show a negative kinetic energy dependence and are slightly faster than the corresponding pure temperature data. The reaction of N2^ with SO2 has also been examined in the HTFA up to 1400 K. shows the rate constants for the individual product channels in both experiments. The rate constant for generating SO* increases rapidly when the SO* product can be formed, but the trends in the two instruments seem to differ. However, if the data is replotted as the ratio of the SO* channel's rate constant to the maximum possible rate constant for reaction from N2* (v>0), then the two data sets concur within the scatter.
Consequently, the enhancement in the rates is due to producing SO* from vibrationally excited states of N2* as seen in previous work.^"* With Ar* and SO2, the vibrational excitation in SO2 at elevated temperatures enhances the rate constants;^^ however, this enhancement may occur with N2* in a region where the effect of the N2*(v^0) states
To address the needs of the aforementioned combustion models, the kinetics of the reactions of air plasma ions with toluene, ethylbenzene and propylbenzene have been studied in the VT-SIFT from 298-500 K. Other ions with recombination energies between 9 and 16 eV have also been studied at 298 K in the VT-SIFT to construct breakdown curves for the dependence of the branching fractions on predominately electronic energy. These curves allow comparisons with photodissociation 6 experiments.'^^ in addition, the reactions of NO^ and O2* with all three alkylbenzenes have been studied up to 1400 K in the HTFA. Comparing the results from the two instruments reveals how the larger fraction of internal energy in the high temperature experiments affects the reactivity relative to the mostly electronic excitation in the VT-SIFT. Table 3 Based on the HT8P results, kinetic energy is not as efficient with ethylbenzene.
However, it is more efficient than it is for toluene. The lower panel in Fig. 9 shows that over 90% of the dissociation products are C7H7'^ of which 70% is in the benzylium structure. 49 The better agreement between the low kinetic energy data from the HT8P and the flow tube data at 1 Torr pressure indicates that less of a kinetic shift and collisional stabilization occur. This trend is consistent with deuterium isotope experiments that show that the lifetime of the energized CaHio^ charge-transfer product ion is shorter than that for toluene.5i The data from the combined experiments provides insight into the chargetransfer dynamics for alkylbenzene reactions with air plasma ions. At low kinetic energies, the rate constants proceed at the collision rate. Also, internal and electronic energy behave similarly, together indicating that complex formation occurs. However, kinetic energy is not equivalent to the other forms of energy: therefore, complex formation does not completely describe the mechanism. The reduced efficiency of kinetic energy implies that long-range charge-transfer processes occur at distances whereJittle kinetic energy is exchanged. At higher kinetic energy, the threshold behavior of NO"^ reacting with ethylbenzene and propylbenzene in the HT8P is similar to line-of-centers functions that describe collision induced dissociation (CID) cross sections.53 These CID cross sections peak at a value approaching the effective hard sphere cross section. The different maximum amounts of fragmentation with and NO^ in the HT8P may arise from differences in the hard sphere cross sections.
However, the asymptotic amounts of dissociation also depend on the initial total energy available. Therefore, near-resonant processes may also occur. 11
The ion-molecule chemistry of weakly charged plasmas and high temperature environments has been explored using the fast flow tube methods available at the Space Vehicles Directorate of AFRL at Hanscom AFB. The unique capabilities provide comprehensive coverage over the range of operating temperatures found in Air Force systems. A temperature variable version of a recently constructed turbulent ion flow tube54 (TIFT) will expand these capabilities to afford examining the effects of pressure and temperature on ion-molecule chemistry. It is this adaptability which will allow these powerful techniques to address critical issues for the understanding of basic processes influencing crucial Air Force systems. Cr + CH Br->Br+CH Cl 
